SUMMARY A young adult with homozygous sickle cell anaemia (Hb SS) suffered a fatal sickle cell crisis complicated by the sickle chest syndrome. At necropsy multiple large infarcts of the lung, bone marrow, and pituitary gland were found. The large majority of pulmonary infarcts were not associated with either gross or microscopic vaso-occulusion. These findings are discussed and correlated with past and current opinions of sickle cell crisis and the sickle chest syndrome.
Sickle cell crisis refers to any new syndrome that develops rapidly in patients with sickle cell disease on the basis of the inherited abnormality and not due to any other cause. ' The term sickle cell crisis is principally a clinical term embracing a number of pathological mechanisms including vaso-occlusion, bone marrow aplasia, and red cell sequestration. In homozygous sickle cell anaemia (Hb SS) painful vaso-occlusive crises are the most common cause of morbidity and mortality in children and adults2 and, with the sickle chest syndrome (acute pulmonary involvement without demonstrable bacterial infection), account for more than 90% of hospital admissions.3
Of primary importance in initiating vascular occlusion is the decreased deformability of the sickle erythrocytes themselves. These increase blood viscosity, promoting stasis and augmenting local hypoxia and acidosis, which, in turn, leads to further sickling. Other factors, however, including vascular spasm and the coagulation system are also thought to be involved in the pathogenesis of vasoocclusion. ' I Infection is believed to be one of the precipitating factors of sickle cell crisis,5 but whether the acute chest syndrome is due to infection6 or vaso-occlusion7 or both is unclear.
We report the clinical and pathological findings of a patient with homozygous sickle cell anaemia who was admitted with symptoms of a painful vasoocclusive crisis and who deteriorated suddenly, showing features of the sickle chest syndrome.
Accepted for publication 14 February 1985 Case report A 19 year old woman was admitted complaining of generalised bone pain, which was particularly severe in the chest, back, and limbs. She admitted to having had a cough producing yellow sputum over the preceding two weeks but had no dyspnoea, orthopnoea, or haemoptysis. She had been born to parents of West Indian origin and had been diagnosed as having homozygous sickle cell disease when aged 21/2 years. During her life she had averaged one or two admissions a year for painful crises, two of which were associated with diffuse lung infiltrates on chest radiograph. When she was 17 years old she had a hepatic sequestration crisis.
On examination, she was obviously in severe pain and feverish (38.2CC); her pulse rate was 110 beats/min sinus rhythm, jugular venous (Fig. 1 ). They were heavy (555 g and 545 g) and firm, and there were multiple irregular haemorrhagic areas scattered throughout the parenchyma of both lungs. These ranged from 0-5-4-5 cm maximum dimension and a few extended to the pleural surface. Examination of the pulmonary vessels of both lungs showed no large thrombi in the pulmonary trunk, main pulmonary arteries, or immediate lobar branches. Thromboemboli, which were firm, granular, and friable, were present in four small conducting arteries (0-5-0-7 cm external diameter), two in each lung. These thromboemboli corresponded to the darker areas, but the rest of the dark areas were not related <' 4) Fig Fig. 4 Bone marrow infarction. Amorphous, eosinophilic cell outlines and nuclear debris fill the medullary cavities.
The thin walled blood vessels in this field are dilated and congested but not occluded. Bar = 100 ,um. '*1,. The spleen was of the small siderofibrotic type with fibrosis of the splenic pulp, which also contained abundant dark brown pigment, mostly iron with a small amount of calcium. The bone marrow appeared hyperplastic with a predominance of red cell precursors. Recent marrow infarction associated with dilated, engorged but not occluded small vessels were noted in all the bones examined (Fig. 4) . Old bony infarcts were also evident. The liver showed centrilobular necrosis, sinusoidal congestion, and erythrophagocytosis by Kupffer cells. There was also considerable haemosiderin deposition in both hepatocytes and Kupffer cells. No increased fibrosis or cirrhosis was seen.
The kidney showed hyperaemic blood vessels and enlarged hypercellular glomeruli with engorged, dilated capillary tufts. Afferent arterioles and interlobular arteries were also dilated and intensely congested. There were scattered, isolated sclerosed glomeruli, and individual enlarged glomeruli showed capsular thickening.The proximal and distal tubules were dilated and contained an eosinophilic, proteinaceous or amorphous granular exudate. The tubular lining cells also contained haemosiderin granules.
The brain showed cerebral oedema. No infarction or thrombosis was seen, but there was considerable congestion and dilatation of meningeal and cerebral vessels, both large and small (Fig. 5) . The anterior pituitary showed large areas of scattered recent necrosis (Fig. 6 ). The remaining organs contained dilated vessels filled with red cells but were otherwise histologically unremarkable.
Discussion
Vaso-occlusive crises are a common and potentially fatal complication of sickle cell disease. They are most common in homozygous sickle cell anaemia and may be recurrent and focal-lfor example, hand-foot syndrome or focal necrosis of individual organs-or, less often, systemic with generalised sickling leading to unexpected death.' In both cases the pathophysiology is thought to be similar. The increased viscosity inherent in deoxygenated deformed sickle cells and oxygenated, irreversibly sickled cells is the major factor responsible for obstruction of blood flow in the microvasculature.' In addition, the elongated rigid sickle erythrocyte is less deformable and flows through capillaries with difficulty. A vicious cycle is set up whereby the above factors promote stasis which, in turn, augments local hypoxia and acidosis and leads to increased sickling and ultimately to microvascular occlusion and ischaemic infarction.9
The most striking pathological change in the above case was the presence of multiple scattered recent pulmonary infarcts in both lungs. Microscopic vascular occlusion was not seen and only a handful of infarcted areas were associated with macroscopic thrombi. It is difficult to reconcile this finding to the above pathophysiological scheme; in the lungs it would be expected that gross sickling of unsaturated blood in the pulmonary arteries would precipitate in situ vaso-occlusion followed by the local addition of thrombosis after stasis has developed. Moreover, given the history of two similar episodes, the lack of fibrous scarring and the absence of organised vascular occlusions in either small or large vessels was surprising. It would thus appear that extensive ischaemic necrosis can occur in sickle cell anaemia without morphological evidence of thrombosis.
In this case capillary engorgement and dilatation were prominent findings not only in the lungs but in all tissues examined. Capillary engorgement has often been described in necropsy reports and protocols of sickle cell anaemia'0-'9 and is thought to represent capillary stasis. Diggs' proposed that aggregations of entangled sickle cells intermingled with platelets, white cells, cellular debris, fibrin, and haemoglobin crystals escape from these dilated capillaries, sinusoids, and venules in various parts of the body and finally lodge in the pulmonary arteries.' Such emboli could produce the multiple infarcts noted, but morphological evidence of emboli in many of the infarcted areas is lacking.
Kimmelstiel'5 described a case of multiple large infarcts of the kidneys, liver, gall bladder, and the brain without detectable thrombosis in a child with sickle cell anaemia. He also noted capillary engorgement and was stimulated to review the published work; he found surprisingly few conclusive reports of vascular thrombosis in sickle cell disease. He suggested that ischaemia in sickle cell crisis could be initiated by vascular spasm; this may lead directly to ischaemic necrosis or, more commonly, be followed by small vessel dilatation with stasis. The capillaries in this phase would appear engorged and dilated. Finally, local ischaemia of tissue and capillary walls may result in organic damage to the vessel walls, degenerative changes, and thrombosis resulting in superimposed and larger infarction. Diggs' noted that the transient nature of symptoms and signs in sickle cell crisis would support a vasospastic process.
Kimmelstiel's hypothesis could neatly explain the lung findings in our case. Areas of pulmonary infarction unassociated with thrombosis are presumably due to vasospasm, and areas of normal lung containing engorged small vessels represent areas which have remained viable after the vasospastic episode. Where thromboses are seen, these form on the basis of an accompanying increase in blood viscosity and the rheological inefficiency of the sickled cells; local ischaemia of tissue and capillary walls resulting in organic damage to the vessel wall with degenerative changes would also favour thrombus formation.
Acute pulmonary disease is a common and serious consequence of sickle cell disease. Our case showed typical features of the acute chest syndrome.23 There was a history of cough and chest pain followed by rapidly developing features of bilateral consolidation. Sputum and blood cultures gave consistently negative results; pneumococcal antigens were not detected; and there was no evidence of chest infection histologically. The clinical and radiological features in this case would thus appear to be accounted for by engorgement of the pulmonary vasculature with sickle cells and pulmonary infarction rather than infection. As discussed earlier, the striking absence of thrombosis to account for the large numerous areas of pulmonary infarction would appear to suggest that intravascular sickling alone, possibly preceded by an episode of vasospasm, can lead to pulmonary infarction. Established thrombosis is not necessary for pulmonary infarction to occur but may result because of the increase in blood viscosity and the rheological inefficiency of sickled cells, which favour vascular stasis.
There are a number of factors which make the lung a favourable site for sickling. The mixed venous oxygen tension in the pulmonary capillary bed is about 40 mm Hg, normally supporting an oxygen saturation of 70%. Even this physiological degree of venous saturation is compatible with widespread sickling in patients with homozygous sickle cell anaemia, as shown by the fact that about 30-60% of in vivo sickling occurs on the venous side compared with only 20% on the arterial side.24 Moreover, the lower pH of venous blood would also favour sickling.25 In adults or adolescents with homozygous sickle cell anaemia, gas exchange is often abnormal in clinically stable periods, and the alveolar-arterial pO2 difference is widened mainly because of excessive physiological shunting of blood and an abnormal degree of heterogeneity of ventilation to perfusion ratios in the lung. 26 Sickle lung syndrome has occasionally been associated with mild upper respiratory tract infections.3 This can cause bronchiolar narrowing, which would lead to small zones of hypoventilation and a consequent increase in the physiological shunt. The effect of such anoxic alveolar areas would be to preserve the sickle form of the erythrocyte in the pulmonary venous circulation and further decrease the velocity of flow in poorly ventilated alveolar areas. 27 Massive pituitary necrosis, as occurred in our case, has not previously been described anatomically in sickle cell crisis. It is associated with obstetric and non-obstetric shock and has been reported in patients who were maintained on mechanical ventilators before they died. 
